sheep- Robinson and Karsch, 1987; Ebling et al., 1989; Syrian hamsters-Hastings et al., 1989 Woodfill et al., 1991 Figure 2 for ewes infused with melatonin and in Figure 3 for noninfused controls. Figure 4 summarizes the timing of the high-and low-LH stages in each sheep as identified by the cluster analysis algorithm. As seen in Figure 2 , the long-day pattern of melatonin had two types of effects. The first effect was a suppression of LH during the infusion in ewes exhibiting high levels when treatment was begun (e.g., Fig. 2 Figure 2 .
Many studies suggest that the response of photoperiodic seasonal breeders to a particular daylength depends upon &dquo;photoperiodic history,&dquo; or the photoperiod experienced in the animal's past (quail-Robinson and Follett, 1982; voles-Horton, 1984 ; Lee and Zucker, 1988; Siberian hamsters-Hoffmann et al., 1986; Hoffmann and Illnerova, 1986;  sheep- Robinson and Karsch, 1987; Ebling et al., 1989; Syrian hamsters-Hastings et al., 1989) . For example, we have found that exposure to the same experimental photoperiod can produce opposite reproductive responses (induction or inhibition) in female sheep, depending on whether the previous photoperiod was longer or shorter than the experimental photoperiod . It is possible, however, that the reproductive response to a specific photoperiod varies with the reproductive state, particularly in species that exhibit circannual rhythms (various birds-Gwinner, 1986 ; rainbow trout- Duston and Bromage, 1988; sheep-Jackson et al., 1989 (Bittman et al., 1983b; Wayne et al., 1990; Woodfill et al., 1991 (Dempsey et al., 1982) (Bittman et al., 1983a; Wayne et al., 1988; Woodfill et al., 1991) . A cannula (inner diameter, 0.5 mm; outer diameter, 1.5 (LD 16:8) (Woodfill, 1990) .
Each ewe was ovariectomized at least 18 months before the study and treated from the time of ovariectomy with a subcutaneous Silastic capsule packed with 3.0 cm of crystalline estradiol-17P (Karsch et al., 1973 (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) ng/ml) in the breeding season to very low levels (<0.5 ng/ml) during anestrus (Legan et al., 1977; Karsch et al., 1989) . This changing response to estradiol negative feedback constitutes a primary neuroendocrine determinant of seasonal reproductive state (Karsch et al., 1984; Legan and Karsch, 1979) .
EXPERIMENTAL DESIGN Figure 1 illustrates the experimental design. (Foster et al., 1988; Jackson et al., 1988 Radioimmunoassay of melatonin verified that the infusion maintained a 24-hr pattern of circulating melatonin comparable to that in pineal-intact ewes on a long photoperiod (LD 16:8) . Serum levels of melatonin during nights of infusion (362 ± 19 pg/ml) were not different from the nighttime levels we observed in a group of pineal-intact ewes (355 ± 68 pg/ml; Woodfill, 1990) .
SAMPLING AND ASSAYS Blood (5 ml) was sampled by jugular venipuncture twice a week for assay of LH. Blood for assay of melatonin was sampled every 2-4 hr for 24 hr on one occasion during the infusion to verify proper delivery, and at least once before the experiment to verify completeness of pinealectomy. Serum was obtained, processed, and stored as described elsewhere (Karsch and Foster, 1975) . LH was determined in duplicate aliquots jjbl) of serum with a modification (Hauger et al., 1977) of the radioimmunoassay of Niswender et al. (1968, 1969 (Brown et al., 1988; Karsch et al., 1989 (Zar, 1984) .
Differences in synchrony were analyzed by comparing within-group variability, using the Levene test for the homogeneity of variance (Kotz and Johnson, 1982 Figure 2 for ewes infused with melatonin and in Figure 3 for noninfused controls. Figure 4 summarizes the timing of the high-and low-LH stages in each sheep as identified by the cluster analysis algorithm. As seen in Figure 2 , the long-day pattern of melatonin had two types of effects. The first effect was a suppression of LH during the infusion in ewes exhibiting high levels when treatment was begun (e.g., Fig. 2 (1983) (1984) (1985) (1986) (1987) (1988) in same flock as that reported by Karsch et al. (1989) . No in the absence of an influence of recent photoperiodic history. The fundamental assumption underlying our study was that the experimental animals had effectively no recent photoperiodic history because they had been pinealectomized for at least 16 months. This assumption would appear valid, because pinealectomy eliminates the reproductive response of ewes to photoperiod (Bittman et al., 1983b) and because our experimental ewes were reproductively desynchronized at the start of the study, suggesting that any effect of photoperiod perceived prior to pinealectomy had dissipated. We submit, therefore, that our experimental approach enabled us to separate possible effects of reproductive state from those of photoperiodic history. Using this approach, we have shown that reproductive state does not affect the ability of infusion of a long-day pattern of melatonin (which mimics a long-day photoperiodic signal) to synchronize reproductive onset. All treated ewes showed a synchronous rise in LH approximately 1-2 months after the infusion ended, followed by a fall in LH some 3-4 months later. Our findings therefore suggest that this response to the long-day pattern of melatonin did not differ with reproductive state, and thus they do not support the hypothesis that seasonal reproductive condition affects the response to a treatment that mimics a longday photoperiodic signal.
As mentioned in the introduction, interpretation of our earlier studies (Farner, 1985; Gwinner, 1986; Woodfill et al., 1991; Zucker et al., 1991) . Such a rhythm was manifested in the present study as asynchronous changes in LH in the pinealectomized controls not infused with melatonin. One way by which photoperiod could achieve synchronization would be for various stages of the rhythm to be differentially responsive to environmental synchronizing cues. For example, a particular photoperiod could advance or delay the rhythm, or could have no effect at all, depending on the rhythm stage. Indeed, there is evidence to suggest that exposure to the same photoperiod can have different effects, depending on the stage of a circannual cycle (birds-Gwinner, 1971 (birds-Gwinner, , 1973 Gwinner et al., 1988; fish-Duston and Bromage, 1988; sheep-Jackson et al., 1989; Malpaux et al., 1989; squirrels-Lee and Zucker, 1991 
